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ABSTRACT. It has been proved that during the period of research the 
weather factors had dominating effects on the formation of phenolic 
substances fund for the fruits of early and late groups of cultivars. The 
cultivar features affected the accumulation of the phenolic substances in 
the fruits of a group of cultivars of a medium-term ripening. It has been 
established that the fruits of 'Kazka' cultivar (203.17 mg 100 g–1) were 
selected from among the cultivars of an early-term ripening according to 
the average phenol substances content. The fruits of 'Rubinova Rannia' 
(175.27 mg 100 g–1) are characterized by the optimal variation indices as 
well as by the average content of polyphenolic substances. From the 
technological point of view, the most perspective from among the cultivars 
of medium- and late-terms of ripening was: 'Uliublenytsia Turovtseva' 
(226.85 mg 100 g–1), 'Udivitelna' (288.55 mg 100 g–1). The results of 
experimental analysis for the fruits of early- and late-terms of ripening as 
well as their dispersion analysis allow us to forecast the content of the 
phenolic substances by the average indices but not separately for every 
pomological cultivar. Based on designed regression models, the analysis 
of the degree of impact of each weather factor on the rate of the phenolic 
substance has been made. The humidity index (the average monthly 
amount of rainfalls in May) had maximal effects on the accumulation of 
phenolic substances fund for the cherry fruits of three terms of ripening. 
The humidity indices of the last months of fruits formation (May and June) 
had the greatest effects on the accumulation of phenolic substances for a 
test group of plants of all terms of ripening. 
© 2021 Akadeemiline Põllumajanduse Selts. | © 2021 Estonian Academic Agricultural Society. 
 
Introduction 
Increasing interest in biologically active compounds 
of stone fruits necessitates the selection of not only 
crops but also cultivars with a higher content of endoge-
nous antioxidants. Natural phenolic compounds, inclu-
ding anthocyanidins, are considered the most important 
natural antioxidants (Xu et al., 2017). Their compo-
sition and concentration affect the organoleptic charac-
teristics of fruits and determine the antioxidant activity 
(Fu et al., 2011; Nowak et al., 2018). From among the 
most important kinds of fruit plants with corymbose 
inflorescences, which belong to sub-genus Cerasus, 
Prunus avium L. is of special importance. Cherry fruits 
are one of the most popular fruits of a moderate climate, 
they are much valued by the consumers and studied by 
scientists due to high taste qualities, attractive fruit 
appearance, valuable biochemical composition (Lovato 
et al., 1994; Kask, Jalakas, 2004; Bastos et al., 2015; 
Pissarda et al., 2016). Sweet fruits have cellulose, 
vitamins, the compounds of the polyphenolic group, 
vitamin C, that provide good taste qualities and 
resistant characteristics (He et al., 2007). The anti-
tumour action of the extractions of fruits P. avium, 
which was caused by available phenolic compounds, 
has been established (Li et al., 2016; Xu et al., 2017). 
The researchers pay much attention to studying the 
phenolic compounds of the fruits, which affect the 
fruits colour and the taste qualities like bitterness and 
astringency. Polyphenolic substances can be found in 
plants in the form of glycosylated derivatives, though a 
conjugation with non-organic acid is also known. These 
molecules take part in the protection against ultraviolet 
radiation or aggression from plants pathogens. As 
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follows from the results of the research carried out on 
animal and man simulations, the phenols are bio-
accessible and have a protective action against oxi-
dative stress and against the damage caused by free 
radicals (Prior, 2003; Szajdek, Borowska, 2008; Lobo 
et al., 2010; Alkadi, 2020). Phenolic compounds 
present secondary metabolites of plants, which are 
characterized by the availability of at least one aromatic 
ring with one or few affiliated hydroxyl groups. The 
phenols vary from simple low-molecular compounds 
with one aromatic ring to tannins, which contain a great 
number of hydroxyl groups (-OH). They can be 
classified according to the amount and to the location 
of carbon atoms (de la Rosa et al., 2019). Some 
researchers have established that phenolic substances 
reduce vitamin C oxidation, and the vitamin, in its turn, 
has a stabilizing action on bioflavonoids (Díaz-Mula et 
al., 2010; Smeriglio et al., 2017).  
According to the data, the sugars can serve as a 
material for the synthesis of phenolic substances in 
sweet cherry fruits. The total sugar content, as a subst-
rate for the phenols formation, is in the range of 10.55–
14.59% (Ivanova et al., 2021b). The fruit ripening stage 
in sweet cherries, like in other red fruits, is connected 
with the change of primarily green colour for a red one 
due to the accumulation of polyphenolic compounds, 
anthocyanidins. Biologically active phenolic com-
pounds are concentrated in the skin and have beneficial 
effects on the sensor and organoleptic characteristics of 
fruits, such as flavour (Jakobek et al., 2009). The 
accumulation of substances that colour the sweet cherry 
fruits red (with different shades) during the last period 
of ripening are due to an increase in the content of 
anthocyanins. They are the main phenolic substances in 
the fruits of dark-coloured cultivars (Karaaslan et al., 
2016). As it has been stated in the research, the sweet 
cherry cultivars show high changeability of phenolic 
compounds rates. According to the data of some 
researchers, it has been found that the total amount of 
sweet fruits anthocyanidins is from 30 ('Black Gold' 
cultivar) to 79 ('Cristalina' cultivar) mg of the cyanidin-
3-glycosidic equivalent of (CGE) 100 g–1, when a total 
amount of cherry anthocyanidins is from 45 ('Balaton' 
cultivar) to 109 ('Sumadinka' cultivar) mg CGE mg 
100 g–1 (Serrano et al., 2009; Ferretti et al., 2010). 
The research has proved that the fruits of 13 sweet 
cherry cultivars had the total phenols content from 44.3 
to 87.9 mg in the equivalent of gallic acid g–1 100 FW 
and the antioxidant activity ranged from 8.0 to 17.2 mg 
the equivalent of the antioxidant capability of the ascor-
bic acid, mg 100 g–1 FW. The authors suppose that the 
correlation of the antioxidant activity of the total 
amount of phenols and anthocyanidins depended on the 
cultivar (Usenik et al., 2008). However, it has to be 
noted that the cultural genetic factors and the weather 
conditions affect the formation of macroelements, 
micronutrients and phytonutrients in the fruits (Bureau 
et al., 2009; Iglesias et al., 2012). The temperature, 
lightning intensity and fruit ripening (Pissarda et al., 
2016) can affect the content and the stability of 
phytochemical substances, as well as sweet cherry and 
cherry nutritional value. 
There are some investigations, which show that the 
temperature fluctuations during the day (in a daytime 
or at night) affect the phenol total content (Pissarda et 
al., 2016). When sweet cherry fruits grow under high 
temperatures (25–30 °C) it increases the amount of 
anthocyanidins as well as phenol (Ferretti et al., 2010). 
The research conducted by Lakatos et al. (2010; 2014) 
showed that the content of biochemical indices 
depended on climatic characteristics (average maximal 
and minimal temperatures, humidity) during the period 
of blooming up to the period of stone fruits ripening. 
The weather factors, such as the sum of the effective 
temperatures and the amount of precipitation 10–15 
days before harvesting, had a significant impact on the 
fruits quality indices (Revell, 2009; Lakatos et al., 
2014). The nature and the phenol compounds distri-
bution vary depending on plant fibre. Thus, the rate of 
content of polyphenolic substances in sweet cherry 
fruits, their accumulation and further storage depend on 
many factors. 
Based on literature references it can be stated that 
there is a strong correlation between the content of 
polyphenolic substances and the weather conditions of 
the region where the fruits are growing (de Souza et al., 
2014; Skrovankova et al., 2015). In the regions similar 
to the Southern Steppe sub-zone of Ukraine it is 
expedient to determine the degree of impact of stress 
weather factors on the formation of polyphenolic sub-
stances fund in sweet cherry fruits. In literature sources, 
the question of the formation of the polyphenolic 
substances fund of a given region and similar ones 
(according to weather conditions) under the condition 
of global climate changes has not been covered. In 
literature sources, the problem of the formation of 
phenolic substances fund in a tested region and similar 
ones according to the weather factors and to the global 
climate changes is inadequately treated. The amount 
and the content of polyphenols in sweet cherry fruits 
differ depending on genotype impact, ripeness, climatic 
conditions, term of fruits ripening (Vuletić et al., 2017). 
The data as to seasonal as well as to the geographic 
differences in the accumulation of polyphenols content 
in sweet cherry fruits are not available. That is why 
singling out of particular weather factors which have a 
maximal impact on the accumulation of phenolic 
substances in different (as to the term of ripening) sweet 
cherry cultivars is a topical matter. 
Material and Methods 
The goal of the research was to develop a mathe-
matical model, which will help to improve the predic-
tion of phenolic substances content in sweet cherry 
fruits under different weather conditions. The designed 
mathematical model can be used under the conditions 
of the regions with hydrometrical indices, which are 
similar to the Southern part of Ukraine. The program of 
the research prognosticates choosing of the cultivars of 
sweet cherry fruits of an early, medium- and late-terms 
 The forecasting of polyphenolic substances in sweet cherry fruits under the impact of weather factors 241 
Agraarteadus | Journal of Agricultural Science  2 ● XXXII ● 2021 239–250 
of ripening with a maximal index of polyphenolic 
substances for the further storing of fruits with high-
quality parameters and with biological value. 
To realize the goal it is necessary to do the following 
tasks:  
 to analyses the weather conditions during the 
period of fruits formation; to determine the 
content of the phenolic substances in sweet cherry 
fruits during the period of economic maturity of 
the cultivars of each term of ripening;  
 to select the best ones according to test characte-
ristic;  
 to establish the correlation between the processes 
of phenolic substances accumulation and stress 
weather conditions;  
 to develop the mathematical models of depen-
dence of phenolic substances content on weather 
factors or varietal features;  
 to analyse the designed model to determine the 
degree of impact of each factor on the accumu-
lation of phenolic substances found in sweet 
cherry fruits of three terms of ripening. 
 
By making a two-factor dispersion analysis the 
expediency of predicting the content of the phenolic 
substances in sweet cherry fruits by average indices for 
a definite group of cultivars will be justified and factors 
(factor A – climatic conditions of a year or factor B – 
cultivar features) which have maximal effects on 
phenolic substances accumulation in sweet cherry fruits 
will be revealed.  
The research was conducted from 2008 to 2019 on 
horticulture farms of a Southern Steppe sub-zone of 
Ukraine. Sweet cherry fruits were chosen at a research 
commercial farm unit of a horticulture station named 
after M.F. Sydorenko (town of Melitopol) and at farm 
enterprises of Melitopol district (46° 49'N, 35° 22'E). 
Daily meteorological data of Melitopol meteorological 
station of Zaporizhia oblast (Ukraine) was used. The 
climate of the region is continental with a high-
temperature regime and insufficient humidity. The 
relief of the territory is flat with eastern and north-
eastern winds. The average annual air velocity is 
3.7 m s–1. The average annual air temperature in a test 
zone is 9.1–9.9 °С. In the warmest months of summer, 
the temperature is from 20.5 °С to 23.1 °С. The sum of 
active temperatures above 10 °С in the period from 
April to October is equal to 3316 °C. The average 
amount of precipitation during a year is 475 mm. The 
average annual relative air humidity in the region is 
within 73%. The readings of a hydrometrical index are 
in the range of 0.22–0.77 (Serdyuk et al., 2020a; 
Ivanova et al., 2021a,b). During the years of the 
research, the soil preparation in all areas satisfied the 
agrotechnological demands. Moisture accumulation in 
soil occurs mostly in autumn, partly in winter and in 
early spring. Black southern loamy soil was the soil on 
the test areas where the crop was grown. Loess was a 
soil-forming rock. This type of soil, by its particle-size 
distribution, has a great content of physical sand. The 
sweet cherry fruits of 33 cultivars were chosen for the 
research. They were divided into 3 groups according to 
the term of ripening (Table 1).  
 
Table 1. The list of cultivars taken for studying 
1st cultivar group 
(early-term of 
ripening) 
2nd cultivar group 
(medium-term of 
ripening) 




'Swit Erliz',  
'Rubinova Early', 
































For each pomological cultivar, the samples of 100 
fruits from six trees in a fruiting stage were taken for 
determining the content of the phenolic substances. The 
trees typical for a definite pomological cultivar of the 
same age, with average fruiting intensity were taken for 
the research. Three-fold frequency. The trees of 2001 
were planted on the scheme 5×3, the spacings were 
under autumn fallow. The fruits were weighed and 
counted when picking (Serdyuk et al., 2020b). 
The sweet cherry fruits of each pomological cultivar 
were picked when the pulp was firm enough, but the 
flavour and the colour were typical for a given pomo-
logical cultivar. The fruits were picked from the trees from 
4 different sides of the crown. The fruits of each pomo-
logical cultivar were harvested with a fruit stalk and of the 
first commercial quality. The harvest date of picking fruits 
was determined according to the following quality indices 
of fresh sweet cherry fruits which are common to each 
pomological cultivar: fruit appearance (fruit analysis by 
their shape and colour which must be typical for a given 
pomological cultivar, availability of fruit stalk, the degree 
of mechanical damages of fruit skin, the degree of fruit 
vermin damage, fungus disease affection) fruits size by the 
largest transverse diameter. When estimating the poly-
phenolic substances, the fruits in a state of a consumer 
ripeness were characterized by their appearance and 
flavour typical for a consumer sort of a corresponding 
term of ripening.  
Polyphenols content was estimated by Folin-Denis' 
reagent. The method encompasses conducting polyphe-
nols complexation reaction by Folin-Denis' reagent, as 
well as the formation of stained substances with further 
optical density determination. As standard, rutin was used 
to estimate polyphenols content in sweet cherry fruits. The 
optical density of the received test solutions and the 
solution of the standard rutin sample was estimated with a 
spectrophotometer under a wavelength of 670 nm in a 
cuvette and 10 mm distance between active areas. 
The mass portion of polyphenols was estimated by 
Equation (1). 
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𝑋 =




where C is the rutin mass concentration, which is 
determined by calibration graph (mg сm-3), and V is the 
extract volume (сm3), and V1 is the extract volume for 
analysis (сm3), and M (g) is the mass of a product assay 
sample (sweet cherry fruits), and 100 is the coefficient 
of polyphenols content determination per 100 g of 
product, and А is the coefficient of a rate of reconsti-
tution of the extract of a sample (Ivanova et al., 2019, 
Serdyuk et al., 2020b). 
The design of the models of dependence of phenolic 
substances in sweet cherry fruits of three terms of 
ripening depending on weather factors was as follows 
(Ivanova et al., 2021a,b): 
1. The determination of phenolic substances content 
by Folin-Denis' reagent.  
2. The development of the informational data system 
of the indices of weather-climatic factors in the 
research years: average minimal air temperatures, 
average air temperatures, average maximal air 
temperatures, amount of precipitation, average 
relative air humidity, minimal relative air humi-
dity, and absolute minimal relative air humidity.  
3. The hydrothermal coefficient, the temperature 
difference during definite periods, the sums of 
active temperatures, the sums of effective tem-
peratures were determined based on mentioned 
above indices.   
4. The selection of weather-climatic factors, which 
showed the indices of correlation coefficients, are 
meaningful according to Student's test under the 
significance level of 0.05. The factors, which are 
logically substantiated from the point of view of 
their impact on the test characteristic (the accumu-
lation of phenolic substances in sweet cherry 
fruits) but did not show a high correlation with it, 
were selected as well. For this purpose, we run a 
check on a statistical hypothesis about the signifi-
cance of the calculated correlation coefficients 
between the factors and the index of polyphenolic 
substance content in sweet cherry fruits. We run a 
check on a statistical hypothesis by Student's test. 
5. We build the regression model of dependence of 
the index of polyphenolic substances content in 
sweet cherry fruits from the selected factors in 
item 4. 
6. Based on a designed regression model we deter-
mine the degree of impact of each factor. 
 
The first stage of correlation analysis is the estimation 
of matching correlation coefficients and further chec-
king their significance. It helps to find the most signifi-
cant weather factors. The analysis of correlation coeffi-
cients presents the basis and makes it possible to select 
the factors, which strongly correlate with a test charac-
teristic. However, it is necessary to use more accurate 
methods for comparing the degree of impact of the 
factors among themselves and their ranking in terms of 
the degree of impact. Such analysis is often made based 
on regression model coefficients. As a rule, a method 
of the least squares is used to design a regression model. 
One more reason, which entails some restrictions on 
using the algorithm of regression analysis, is a 
multicollinearity effect. But it is necessary to satisfy the 
conditions of the Gaus-Markov theorem for the calcu-
lated coefficients to be effective and unbiased evalua-
tions of the parameters of a generalized regression 
model (Gujarati, 2004). 
If the factors, which have some impact, correlate 
among themselves, the multicollinearity effect is mani-
fested. It is a violation of the Gaus-Markov theorem. In 
this case, the evaluations of the coefficients of the 
model designed by the least-squares method are not 
biased. According to this model, the results of the 
analysis of the degree of impact of each factor sepa-
rately is not reliable.  
One of the recommended methods for designing the 
regression model under the condition of multicollinea-
rity is the LASSO method (Least absolute shrinkage 
and selection operator) (Kutner et al., 2004; James et 
al., 2013; Hastie et al., 2020).  
An algorithm for the analysis of the impact of 
correlating factors on the final index based on a 
regression model designed by the LASSO method was 
suggested in the research (Ivanova et al., 2021a,b): 
Thus, it is suggested to research by the algorithm: 
1. Based on experimental data 𝑥𝑖𝑗 , (𝑖 = 1 … 𝑛 – the 
weather factor number, 𝑗 = 1 … 𝑚 – the number 
of a research year) we design a regression model 
by the LASSO method in Equation (2). 
 





where 𝑋𝑗 is the factor, and 𝑎𝑗 is the model parameters, 
and ?̂? is the test characteristic. 
2. Calculate the values of the coefficient of a 
corresponding regression model in standardized 







where 𝑏𝑖 is the calculated coefficients of a regression 
model, and; 𝑆?̅?𝑖 is the average quadratic deviation of 
factors 𝑋𝑖; 𝑆?̅? – average quadratic deviation of a test 
characteristic Y. 
 
3. Analyze the designed regression to estimate the 
degree of impact of each of the climatic factors on 
the content of a polyphenolic substance. To esti-
mate the degree of impact of weather factors in a 
total impact of all factors, we estimate delta-
coefficients ∆𝑗, by the formula: 
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where ?̃?𝑖 is the parameter of a regression model in 
standardized factors ?̃?𝑖, and 𝑟𝑌𝑋𝑖 is the matching 
coefficients of correlation, and 𝑅2 is the determination 
coefficient. 
 
The means of modern computer technologies 
DataMining – software environment Rstudio were used 
to perform statistical analysis. 
Results and Discussion 
The results received during 12 years give a possibility 
to state that the average content of phenolic substances 
in a test plant fruits of all terms of ripening equalled 
205.86 mg 100 g–1 in rutin equivalent. Similar studies 
with 13 cultivars of sweet cherry fruits of different 
terms of ripening were conducted by the researchers 
from Slovenia (Usenik et al., 2008). According to their 
data, the total phenols content varied from 44.3 to 87.9 
mg gallic acid equivalents 100 g–1 FW. The research 
conducted by Serrano et al. (2005) proved that the 
maximal accumulation of phenolic substances was 
registered at the 8th stage of sweet fruits ripening. 
The average phenolic substances content in sweet 
cherry fruits of the cultivars of an early-term of ripening 
was on the level of 177.53 mg 100 g–1 (Table 2). It was 
13.8% lower as compared to an average cultivar 
coefficient. Minimal phenolic substances content from 
among the given group of cultivars has been 
determined in the fruits of the 'Bigaro Burlat' cultivar 
(116.01 mg 100 g–1) of 2017. It was lower than the 
average cultivar index by 27.8%. Maximal phenolic 
substances content on the level of 274.12 mg 100 g–1 
was determined in the fruits of the 'Zabuta' cultivar of 
2016. Herewith, the excess over the average cultivar 
index was 48.3%. As follows from the results of 12-
year research, from among the cultivars of an early-
term ripening 'Kazka' cultivar was characterized by the 
highest phenolic substances content, and Sweet Earliz 
was characterized by the lowest content of phenolic 
substances (Table 2). Among the tested sweet cherry 
cultivars grown in Alicante (Spain), the highest total 
phenols content (54,02 mg GAE 100 g–1 FW) was 
registered in the cultivar of an early-term ripening – 
Brooks (Legua et al. 2017).  
The phenolic substances content in sweet cherry fruits 
of the cultivars of a medium-term ripening was lower 
than the average cultivar index by 3.7%. Thus, from 
among the analyzed cultivars, the sweet cherry fruits of 
a cultivar group of a late-term of ripening were 
characterized by the maximal phenolic substances 
content. The average phenolic substances content in 
their fruits exceeded the average cultivar index by 
17.5%. 
The accumulation of phenolic substances in the fruits 
of two cultivars of early and medium-terms of ripening 
was analyzed by Ponce et al. (2021). The tested 
cultivars 'Lapins' and 'Glenred' showed different dyna-
mics of phenolic substances accumulation during the 
period of fruit ripening. This suggests that the accumu-
lation of phenolic substances depends on cultivar 
features.  
The fruits of 'Dachnitsia' and 'Temp' cultivars which 
were picked in 2015 and 2017 are characterized by a 
minimal phenolic substances content among the culti-
vars of a medium-term of ripening. The amount of 
phenolic substances was lower than the average culti-
var index by 18.8 and 37.6% respectively. The maximal 
amount of polyphenolic substances was determined in 
the fruits of 2010 in 'Uliublenytsia Turovtseva' and 
'Melitopolska Chorna' cultivars. Herewith, the excess 
over the average cultivar index was in the range of 
30.6–28.6% respectively. From among the cultivars of 
a medium-term ripening maximal average content of 
phenolic substances was determined in the fruits of 
'Prostir', 'Uliublenytsia Turovtseva' and 'Melitopolska 
Chorna' cultivars. 
The dependence of phenolic substances accumulation 
in stone fruits, cherry and sweet cherry in particular, on 
them of cultivar features, was established by the studies 
conducted by other researchers in Romania (Popescu et 
al., 2014), Croatia (Vuletic et al., 2017) and Poland 
(Bieniek et al., 2011; Sokół-Łętowska et al., 2020). 
The fruits of 'Prazdnichna', 'Temporion', 'Anons', 
which were picked in 2008, were characterized by the 
minimal amount of polyphenolic substances among the 
cultivars of a late-term ripening. The amount of P-
active substances was lower than the average cultivar y 
index by 27.3–38.8%. The maximal amount of 
polyphenolic substances was determined in the fruits of 
'Zodiak' and 'Udivitelna' cultivars of 2014. Herewith, 
the excess over the average cultivar index was 13.8 and 
10.6 respectively. The maximal average polyphenolic 
substances contained in the fruits of the cultivars of a 
late-term ripening was determined in the fruits of 
'Udivitelna' and 'Regina' cultivars. 
Similar studies as to the content of the phenolic 
substances in the fruits of cherry cultivars (21 cultivars) 
were conducted under conditions of Poland. The 
analysis of the research results testifies to the fact that 
stone fruits of mid- and late-terms of ripening contain 
more flavonols and anthocyanins than early ripening 
cultivars. The tested mid-ripening and late-ripening 
cherry cultivars had a higher antioxidant capacity as 
compared with early ripening cultivars (Sokół-
Łętowska et al., 2020). 
The results of the research (Table 2) testify to a 
significant and average variation of polyphenolic 
substances content by the years of research in a group 
of cultivars of an early-term of ripening. The fruits of 
the 'Zabuta' cultivar (with the variation coefficients of 
23.1%) were exposed to the greatest impact of abiotic 
factors on the content of the polyphenolic substances 
among the fruits of a given group. The cultivars 
'Merchant' 'Bigaro Burlat' are the most resistant accor-
ding to the test characteristic. Corresponding variation 
coefficients are in the range of 14.2–14.7 %. The 
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variation of given cultivars under the weather factors 
impact in terms of polyphenolic substances content is 
considered to be average, and the fruits have a mini-
mum average index of phenolic substances content 
during the years of research. 
The variation of phenolic substances content by the 
years of the research in the sweet cherry fruits of the 
cultivar groups of medium and late-terms of ripening 
was average in a range of Vр = 11.1–19.9%. 'Mirazh' 
and 'Surprise' cultivars of late-term ripening are an 
exception (Vр = 20.7–26.2% respectively). Among the 
group of cultivars of a medium-term of ripening the 
most stable content of phenolic substances was in the 
fruits of 'Pervistok' cultivar (Vр = 11.8%), 'Uliuble-
nitsia Turovtseva' (Vр = 12.6%), and the most change-
able content was in 'Vynka' cultivar (Vр = 19.9%). The 
least variability in a group of cultivars of a late-term 
ripening was determined in 'Udivitelna' and 'Zodiak' 
cultivars (Vр = 11.1–11.2%). 
Thus, within the cultivars of an early-term of ripening 
'Kazka' cultivar was selected by the average content of 
phenolic substances; 'Rubilnova Rannia' and 'Bigaro 
Burlat' cultivars were selected by the variation of 
polyphenolic substances formation under the weather 
factors impact and the average content of polyphenolic 
substances. Under conditions of an analyzed region, the 
most perspective from the technological point of view 
in a group of cultivars of medium- and late-terms of 
ripening were the fruits of 'Uliublenytsia Turovtseva' 
cultivar (of a medium-term of ripening) and 'Udivitelna' 
cultivar (of a late-term of ripening). These cultivars had 
a high content of phenolic substances and minimal 
variation within the test groups by the years of research.  
 
Тable 2. Phenolic substances content in sweet cherry fruits of the cultivars of three terms of ripening in rutin equivalent, mg 100 g–1 
(2008–2019), x̅ ± s, n = 5 
Pomological cultivar Average phenolic substances 
content, mg 100 g–1  
Мinimal phenolic substances 
content, mg 100 g–1  
Мaximal phenolic substances 
content, mg 100 g–1  
Variation by the 
years, Vр, % 
An early-term of ripening 
'Rubinova Rannia' 175.27 ± 26.40 131.27 215.03 15.0 
'Valeriy Chkalov' 194.07 ± 38.22 145.94 251.28 19.6 
'Sweet Erliz' 155.63 ± 24.16 126.09 189.75 15.5 
'Merchant' 157.24 ± 22.42 130.32 199.58 14.2 
'Kazka' 203.17 ± 38.78 149.71 272.04 19.0 
'Bigaro Burlat' 160.78 ± 23.74 116.01 197.90 14.7 
'Zabuta' 196.54 ± 45.43 151.15 274.12 23.1 
Average value 177.53 ± 36.53 135.78 228.52 17.3 
LSD05 28.82 – – – 
A medium-term of ripening 
'Vynka' 172.51 ± 34.35 126.69 219.15 19.9 
'Pervystok' 171.05 ± 20.25 139.05 210.18 11.8 
'Temp' 173.74 ± 32.00 108.42 229.09 18.4 
'Uliublenytsia Turovtseva' 226.85 ± 28.59 179.89 296.34 12.6 
'Talisman' 216.60 ± 31.56 177.23 280.02 14.5 
'Dilema' 185.79 ± 26.64 141.51 222.89 14.3 
'Melitopolska Chorna' 227.08 ± 30.38 200.07 292.08 13.3 
'Kordia' 239.47 ± 38.93 170.14 289.85 16.2 
'Oktavia' 203.33 ± 31.83 167.43 261.37 15.6 
'Orion' 210.54 ± 28.10 161.95 251.17 13.3 
'Chervneva Rannia' 179.57 ± 51.62 130.17 287.67 13.5 
'Dachnytsia' 128.70 ± 24.09 104.41 170.79 18.7 
'Prostir' 240.24 ± 41.21 166.83 279.27 17.1 
Average value 198.11 ± 44.95 151.80 253.06 13.7 
LSD05 27.42 – – – 
A late-term of ripening 
'Krupnoplidna' 245.79 ± 39.36 160.09 289.05 16.0 
'Karina' 252.17 ± 35.42 170.09 291.19 14.0 
'Regina' 273.11 ± 36.82 198.03 305.52 13.4 
'Mirazh' 209.73 ± 43.48 111.23 268.65 20.7 
'Udivitelna' 288.55 ± 32.16 204.41 319.23 11.1 
'Zodiak' 272.95 ± 30.75 207.71 310.65 11.2 
'Surpryz' 238.34 ± 62.44 175.65 311.01 26.2 
'Kolhoznytsia' 238.84 ± 39.18 175.73 291.34 16.4 
'Kоsmichna' 246.87 ± 28.89 196.80 290.45 11.7 
'Prazdnichna' 225.34 ± 40.80 137.69 283.08 18.1 
'Аnons' 195.04 ± 31.21 141.71 241.05 16.0 
'Тemporion'  202.06 ± 32.93 141.01 246.16 16.2 
'Meotyda' 256.49 ± 34.55 201.81 299.01 13.4 
Average value 241.94 ± 45.89 170.89 288.75 15.7 
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Table 3. The results of two-factor dispersion analysis under the formation of phenolic substances found in sweet cherry fruits 
Source of variation Sum of squares Degree of freedom Dispersion Ffact Ftable095 Impact, % 
Sweet cherry cultivars group of an early period of ripening 
Factor A (year) 224 355.2 11 20 395.9 65.0 1.8 53.3 
Factor В (cultivar) 81 372.8 6 13 562.1 43.2 2.2 19.3 
Interaction АВ 46 654.7 66 706.8 2.2 1.4 11.0 
Sweet cherry cultivar group of a medium period of ripening 
Factor A (year) 33 6751.6 11 30 613.7 107.8 1.8 31.1 
Factor В (cultivar) 467 108.8 12 38 925.7 137.1 1.8 43.2 
Interaction АВ 136 210.0 132 1031.8 3.6 1.3 12.6 
Sweet cherry cultivars group of a late period of ripening 
Factor A (year) 502 235.1 11 45 657.7 87.9 1.8 42.5 
Factor В (cultivar) 345 148.2 12 28 762.3 55.4 1.8 29.2 
Interaction АВ 132 038.2 132 1000.2 1.9 13.0 11.1 
 
A dominating impact of weather factors on the 
accumulation of phenolic substances fund for a group 
of cultivars of early- and late-terms of ripening was 
confirmed by the results of a dispersion analysis 
(Table 3). The degree of impact of factor A for the 
cultivars of a group of an early-term of ripening was 
equal to 53.3%, for a group of cultivars of a late-term it 
was equal to 42.5%. The impact of cultivar features 
(factor B) was less weighty. The degree of impact of 
this factor was equal to 19.3 and 29.2% respectively for 
the analyzed groups. 
The results of our research were proved by the data 
received by the researchers of Groatia (Vuletic et al., 
2017). They established that the impact of weather 
factors during the years of research on the accumulation 
of anthocyanins and polyphenolic substances in sweet 
cherry fruits was dominating. The dependence of fruits 
quality indices on the years of research was proved by 
A. Bieniek (Bieniek et al., 2011). For a group of 
cultivars of a medium-term ripening, cultivar features 
had greater effects on the accumulation of substances 
P-vitamin activity. The degree of impact of factor B for 
the cultivars of the medium-term ripening was equal to 
43.2%. The impact of factor A was on the level of 
31.1%. A dominating impact of cultivar features on the 
accumulation of phenolic substances and anthocyanins 
in sweet cherry fruits of 13 cultivars of different terms 
of ripening was proved by the scientists of Slovenia 
(Usenik et al., 2008). 
Thus, the received results confirm the expediency of 
determining the amount of phenolic substances in 
sweet cherry fruits by the average values for a definite 
group of cultivars of early- and late-terms of ripening, 
but not separately for each pomological cultivar. As for 
the cultivars of a medium-term ripening, it is expedient 
to analyze both the average values for the whole group 
of these cultivars, and for each cultivar separately, 
which will be done in further research.  
Further, the analysis of the correlation relationship 
availability between the indicator of phenolic 
substances found in the fruits of an early-term of 
ripening (Y1), medium-term (Y2), late (Y3) term of 
ripening and a complex of weather conditions (factors 
Xі) was made. The calculated matching coefficients 
𝑟𝑌1𝑋𝑖 , 𝑟𝑌2𝑋𝑖 , helped to choose the most important 
weather factors. The significance of these coefficients 
is checked by the statistical hypothesis 𝐻0: 𝜌 =
0 (where 𝜌 – the correlation coefficient of general 
totality) under an alternative hypothesis 𝐻1: 𝜌 ≠ 0  
when the significance level 𝛼 = 0,05. Student's criteria 
helped to check the statistical hypothesis As it was 
determined in our case, the significant correlation 
coefficients (under the level of significance equal to 
0.05 and the number of the degrees of freedom 𝑘 = 10) 
were within the interval of [-1; -0.55] and [0.55; 1]. 
As a result, based on the data taken from Table 4, 13 
weather factors indices (𝑋𝑖), which is a definite 
vegetation period that can significantly influence the 
accumulation of the phenolic substances in sweet 
cherry fruits of an early (Y1), medium (Y2), and late (Y3) 
term of ripening, were selected.  
These indices are: air humidity indices (mm; %; per 
day), the average monthly amount of precipitation in 
May (Х1), the number of days with precipitation more 
than 1 mm in May (Х6), and in June (Х7), the average 
relative humidity in May (Х2) and in June (Х3), the 
amount of rainfalls in blooming period (Х10) and during 
the whole vegetation period (Х11), the average minimal 
relative humidity in May, mm (X4) and in June (X5). 
The thermal air indices (°С): the average air tempera-
ture in the period of fruits picking (Х12); absolute 
maximal temperature in the period of fruits picking 
(Х13); the difference between average maximal and 
minimal temperatures in May (Х8) and June (Х9).  
The parameters of the regression models designed by 
the LASSO method are given in Table 5, view 1. Table 
5 shows the dependence of polyphenolic substances 
index for early Ŷ1 medium  Ŷ2 and late  Ŷ3 cultivar on 
weather factors 𝑋𝑖.The model's coefficients are shown 
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Table 4. Table of the coefficients of matching correlation between weather factors (Xі,) and the content of the phenolic substances 




Factors Matching coefficients of correlation (𝑟𝑌𝑗𝑋𝑖) for the cultivars groups 
early medium late 
X1 Average monthly amount of precipitation in May, mm 0.9623 0.7693 0.926621 
X2 Average monthly relative air humidity in May, % 0.7322 0.4084** * 
X3 Average monthly relative air humidity in  June, % * * 0.325988** 
X4 Average minimal relative air humidity in May, % 0.7678 0.4372 * 
X5 Average minimal relative air humidity in June, % * * 0.347651** 
X6 
Total amount of days with precipitation more than 
1 mm in May, per day 
0.8246 0.5631 * 
X7 
Total amount of days with precipitation more than 
1 mm in June, per day 
* * 0.620387 
X8 
Difference between average maximal and minimal 
temperatures in May, °С 
–0.5997 * * 
X9 
Difference between average maximal and minimal 
temperatures in June, °С 
* * –0.15941 
X10 Amount of precipitation  in blooming period, mm 0.6124 0.4589** * 
X11 
Amount of precipitation during a vegetation period, 
mm 
* 0.4696** 0.54163 
X12 
Average air temperature in a period of fruits 
picking, °С 
* 0.5386 0.356956** 
X13 
Absolute maximal temperature in a period of fruits 
picking, °С 
* 0.7693 0.508837 
*insignificant matching coefficients of correlation |𝑟𝑌𝑗𝑋𝑖| ≤ 0.55, 𝑖 = 1 − 25, 𝑗 = 1 − 3 (according to checking a hypothesis on the 
significance of the correlation, coefficients by Student's criteria under significance level of 0.05). 
**factors whose impact is hard to study from the point of view of the expediency and logic of the experiment, paying no attention to the 
insignificance of the coefficients of correlation. 
 
Table 5. The coefficients of a regression model 
 𝑎0 𝑎1 𝑎2 𝑎3 𝑎4 𝑎5 𝑎6 𝑎7 
?̂?1 82.8707 0.6144 0.1438  0.0717  2.6540 0.5944 
?̂?2 69.7499 0.4063 –0.6469  –0.35405  2.1382  
?̂?3 154.0456 0.6671  –0.3377  0.2387  1.9068 
 𝑎8 𝑎9 𝑎10 𝑎11 𝑎12 𝑎13   
?̂?1 1.9414  0.0333      
?̂?2   0.0058 0.0653 0.0672 5.8783   
?̂?3  0.55716  0.0063 2.2567 –0.0819   
 
The formula of a regression model for the sweet cherry fruits of an early-term of ripening: 
 
?̂?1 = 82,8707 + 0,6144𝑋1 + 0,1438𝑋2 + 0,0717𝑋4 + 2,6540𝑋6 + 0,5944𝑋7 + 1.9414𝑋8 + 0,0333𝑋10 (5) 
 
The formula of a regression model for the sweet cherry fruits of a mid-term of ripening: 
 
?̂?2 = 69.7499 + 0,4063𝑋1 − 0,6469𝑋2 − 0,35405𝑋4 + 2,1382𝑋6 + 0,0058𝑋10 + 0,0653𝑋11 + 0,0672𝑋12 + 5.8783𝑋13 (6) 
 
The formula of a regression model for the sweet cherry fruits of a late-term of ripening: 
 
?̂?3 = 154.0456 + 0,6671𝑋1 − 0,3377𝑋3 + 0,2387𝑋5 + 1.9068𝑋7 + 0,55716𝑋9 + 0,0063𝑋11 + 2.2567𝑋12 − 0.0819𝑋13 (7) 
    
Thus, according to Table 6, within the group of 
cultivars, a group of weather factors with average and 
strong linear correlation dependence with an analyzed 
index (phenolic substances), has been determined. The 
number of factors for early cultivars amounted to – 6, 
for medium cultivars – 7 and late cultivars – 7. 
For the cultivars of an early, medium and late-terms 
of ripening ∆i  varies from 0.26 to 68.63% (Table 6). 
For further analysis of the results of the research all the 
factors, depending on the values of the coefficient 
 ∆𝑖 (i = 1–13), were divided into the ranks. According 
to Table 6, the humidity index (the average monthly 
amount of precipitation in May (Х1)) had maximal 
effects on the accumulation of phenolic substances for 
the fruits of sweet cherries of three terms of ripening. It 
was first in a rank according to the indices of the degree 
of factors impact on the accumulation of polyphenolic 
substances fund ∆𝑋1and is from 43.21% to 68.63%. 
The weather temperature indices, as well as humidity 
indices, had a significant impact on the accumulation of 
polyphenolic substances in sweet cherry fruits. Second 
in rank for the varieties of an early-term of ripening 
goes the index (Х6) – the number of days in May with 
the amount of precipitation more than 1mm; for the 
cultivars of medium and late-terms of ripening second 
in a rank is an index (Х12) – the average air temperature 
in a period of fruits picking. The values of the degree 
of impact of factors ∆𝑋6 and ∆𝑋12were from 17.53% to 
 The forecasting of polyphenolic substances in sweet cherry fruits under the impact of weather factors 247 
Agraarteadus | Journal of Agricultural Science  2 ● XXXII ● 2021 239–250 
22.79%. Some noticeable impact on the test characte-
ristic accumulation in sweet cherry fruits of three terms 
of ripening on the third rank level had the weather 
factors like: the number of days in May with the amount 
of precipitation more than 1 mm (Х6); the number of 
days in June with the amount of precipitation more than 
1 mm (Х7); and the difference between average 
maximal and minimal temperatures in May (Х8). For 
the cultivars of an early-term of ripening the degree of 
impact ∆𝑋8 = 3.60%, for the cultivars of medium and 
late-terms of ripening ∆𝑋6 and ∆𝑋7 equalled 14.47% 
and 11.46% respectively. 
The cultivars of an early-term ripening maximal 
impact on the accumulation of phenolic substances had 
the factors of ranks 1, 2 and 3. The range of ∆𝑖 index 
for them is 3.60–68.63%. The rest humidity indices: the 
amount of precipitation in blooming period (Х10), the 
average monthly relative humidity (Х2) and the average 
minimal relative humidity (Х4) in May had insignifi-
cant impact on the formation of phenolic substances 
found in sweet cherry fruits of an early, term of 
ripening. The value of the total impact of factors X10, 
X2 and X4 was equal to 5.67%.  
For the cultivars of a medium-term ripening maximal 
impact on the accumulation of phenolic substances had 
the factors of ranks 1–3. The range of ∆𝑖 = 14.47–
43.21%. The rest of weather humidity indices are to a 
high degree common for early and for medium cultivars 
of sweet cherry fruits, namely – the amount of 
precipitation during the vegetation period (Х11), 
average monthly relative humidity (Х2), and average 
minimal relative humidity (Х4) in May. They had a 
lower impact on the formation of phenolic substances 
in sweet cherry fruits. The values of the total impact of 
factors for a group of cultivars of a medium-term 
ripening of the 4th–6th ranks (Х11, Х2, Х4) was equal to 
19.14%. The amount of precipitation in the blooming 
period (index Х10) is rank 7 with ∆𝑖 = 0.39%. 
For the cultivars of a late-term ripening maximal 
impact on the accumulation of phenolic substances had 
the factors of ranks 1–3. The range of ∆𝑖 = 11.46–
66.23%. The rest of the weather factors had a less 
significant impact on the accumulation of phenolic 
substances in sweet cherry fruits of a late-term ripening. 
The value of the total impact of factors Х3, Х5, Х11, Х7 
on the accumulation of the polyphenolic substances in 
sweet cherry fruits of a late-term of ripening of 4th–7th 
ranks was equal to 4.54%. The impact of a surplus 
rainfall on the anthocyanins and polyphenolic substan-
ces synthesis in sweet cherry fruits harvest of two 
regions was proved by the research conducted by 
Vuletic (2017). The accumulation of phenolic substan-
ces in sweet cherry fruits depended on the humidity 
indices in the last month of fruit ripening. It was May 
for early-ripening cultivars and June for mid-ripening 
cultivars.
 
Table 6. The indices of the degree of impact of factors (∆𝑖 , %) on polyphenolic substances accumulation as well as on their rank 
Factors 
(Xі) 
Relative factors term (Xі) The coefficients of the degree of factors impact (∆𝑖 , %) 
and the indices of factors rank for the cultivars of early, 
medium and late-terms of ripening 
early medium late 
rank ∆𝑖 , % rank ∆𝑖 , % rank ∆𝑖 , % 
X1 Average monthly amount of precipitation in May, mm 1 68.63 1 43.21 1 66.23 
X2 Average monthly relative air humidity in May, % 5 2.14 5 6.39   
X3 Average monthly relative air humidity in June, %     4 1.90 
X4 Average minimal relative air humidity in May, % 6 1.05 6 3.53   
X5 Average minimal relative air humidity in June, %     5 1.51 
X6 Total amount of days with precipitation more than 1 mm in May, per day 2 22.10 3 14.47   
X7 Total amount of days with precipitation more than 1 mm in  June, per day     3 11.46 
X8 
Difference between average maximal and minimal temperatures in 
May, °С 
3 3.60     
X9 
Difference between average maximal and minimal temperatures in 
June, °С 
    7 0.28 
X10 Amount of precipitation in the blooming period, mm 4 2.48 7 0.39   
X11 Amount of precipitation during a vegetation period, mm   4 9.22 6 0.82 
X12 Average air temperature in a period of fruits picking, °С   2 22.79 2 17.53 
X13 Absolute maximal temperature in a period of fruits picking, °С     8 0.26 
 
Conclusion 
The fruits of 'Kazka' cultivar were selected by the 
amount of phenolic substances (203.17 mg 100 g–1) 
among the cultivars of an early-term of ripening. The 
cultivars 'Merchant', 'Bigaro Burlat' were selected by 
the minimal variation index (Vр = 14.2–14.7%). The 
fruits of 'Rubinova Early' cultivar had the optimal 
variation indices and the average content of poly-
phenolic substances (175.27 mg 100 g–1; Vр = 15.0). 
By the amount of phenolic substances and by their 
variation, the cultivars of medium and late-terms of 
ripening – 'Uliublenytsia Turovtseva' (226.85 mg 100 g–1 
under Vр = 12.6 %), 'Udivitelna' (288.55 mg 100 g–1 
under Vр = 11.1 %) were the best as to their qualitative 
technological indices. The weather conditions during 
the period of research (the impact of factor А 53.3% 
and 42.5% respectively) had a dominating impact on 
the formation of phenolic substances fund for all groups 
of cultivar of an early and late-terms of ripening. The 
impact of cultivar features was less significant and 
equalled 19.3% and 29.2% respectively. For the culti-
vars of a medium-term ripening, the accumulation of 
phenolic substances was under the impact of cultivar 
features (factor B) with the degrees of impact of factors 
A, B for the cultivars (31.1% and 43.2% respectively). 
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The correlation analysis of the impact of weather 
factors on the content of the phenolic substance in the 
sweet cherry fruits of early, medium and late-terms of 
ripening has been made. The average and strong 
correlation dependence between 13 weather factors (Хі, 
𝑖 = 1 − 13 and the phenolic substances content for the 
cultivars of sweet cherry fruits of early, medium and 
late-terms of ripening (|𝑟𝑌𝑗𝑋𝑖| ≥ 0.55, 𝑖 = 1 − 13, 𝑗 = 1 − 3) 
has been determined. The model of dependence of the 
accumulation of phenolic substances fund on the 
impact of weather factors for the groups of cultivar of 
early, medium and late-terms of ripening was designed 
based on a principal components method and the 
method of the least-squares. 
The analysis of the degree of impact of each weather 
factor on the phenolic substances index was made 
based on designed regression models. The humidity 
index (average monthly amount of precipitation in 
May) had a maximal impact on the accumulation of 
phenolic substances fund for the cultivars of sweet 
cherry fruits of three terms of ripening. It belonged to 
rank 1 by the indices of the degree of factors impact on 
the accumulation of phenolic substances fund ∆𝑋1 
(from 43.21% to 68.63%). During the period of sweet 
cherry fruits ripening the greatest impact on the 
formation of phenolic substances content in fruits had 
the humidity indices in May (for early ripening and 
mid-ripening cultivars) and in May (for late-ripening 
cultivars). 
 
Conflict of interest 
The authors declare that there is no conflict of interest 
regarding the publications of this paper. 
 
Author contributions 
MS – study conception and design, drafting of the 
manuscript; 
II, MS – author of the idea, guided the research; 
II, VM, TT – analysis and interpretation of data and is the 
corresponding author; 
II, VM – acquisition of data, drafting of the manuscript; 
VM, AK – performed the literature data analysis and 
discussion of the results; 
TT, AK – critical revision and approval of the final 
manuscript. 
All authors read and approved the final manuscript. 
References 
Alkadi, H.A. 2020. Review on free radicals and 
antioxidants. – Infectious Disorders – Drug Targets, 
20(1):16–26. DOI: 10.2174/18715265186661806281 
24323 
Bastos, C.A.A., Barros, L., Dueñas, M., Calhelha, R. 
C., Queiroz, M.J.R.P., Santos-Buelga, C., Ferreira, 
I.C.F.R. 2015. Chemical characterisation and 
bioactive properties of Prunus avium L.: the widely 
studied fruits and the unexplored stems. – Food 
Chemistry, 173:1045–1053. DOI: 10.1016/j. 
foodchem.2014.10.145  
Bieniek, A., Kawecki, Z., Kopytowski, J., 
Zielenkiewicz, J. 2011. Yielding and fruit quality of 
Lithuanian sweet cherry cultivars grown under the 
climatic and soil conditions of Warmia. – Folia 
Horticulturae, 23(2):101–106. DOI: 10.2478/v10245-
011-0015-4  
Bureau, S., Renard, C.M.G.C., Reich, M., Ginies, C., 
Audergon, J.-M. 2009. Change in anthocyanin 
concentrations in red apricot fruits during ripening. – 
LWT-Food Science and Technology, 42(1):372–377. 
DOI: 10.1016/j.lwt.2008.03.010 
de la Rosa, L.A., Moreno-Escamilla, J.O., Rodrigo-
García, J., Alvarez-Parrilla, E. 2019. Phenolic 
compounds. In Postharvest physiology and 
biochemistry of fruits and vegetables (1st ed.) (Eds. 
E.M. Yahia, A. Carrillo-Lopez). – United Kingdom 
Duxford: Woodhead, pp. 253–271. DOI: 
10.1016/B978-0-12-813278-4.00012-9 
de Souza, V.R., Pereira, P.A., da Silva, T.L., de Oliveira 
Lima, L.C., Pio, R., Queiroz, F. 2014. Determination 
of the bioactive compounds, antioxidant activity and 
chemical composition of Brazilian blackberry, red 
raspberry, strawberry, blueberry and sweet cherry 
fruits. – Food Chemistry, 156:362–368. DOI: 
10.1016/j.foodchem.2014.01.125 
Díaz-Mula, H., Castillo, S., Martínez-Romero, D., 
Valero, D., Zapata, P.J. 2010. Sensory, nutritive and 
functional properties of sweet cherry as affected by 
cultivar and ripening stage. – Food Science and 
Technology International, 15(6):535–543. DOI: 
10.1177/1082013209351868  
Ferretti, G., Bacchetti, T., Belleggia, A., Neri, D. 2010. 
Cherry antioxidants: from farm to table. – Molecules, 
15(10):6993–7005. DOI: 10.3390/molecules15106993 
Fu, L., Xu, B.T., Xu, X.R., Gan, R.Y., Zhang, Y., Xia, 
E.Q., Li, H.B. 2011. Antioxidant capacities and total 
phenolic contents of 62 fruits. – Food Chemistry, 129: 
345–350. DOI: 10.1016/j.foodchem.2011.04.079 
Gujarati, D.N. 2004. Basic Econometrics. (4th ed). – 
New York: The McGraw-Hill Companies, 1027 p. 
Hastie, T., Tibshirani, R., Wainwright, M. 2020. 
Statistical learning with Sparsity. The lasso and 
generalization. – Chapman and Hall/CRC, 367 p. 
He, F.J., Nowson, C.A., Lucas, M., MacGregor, G.A. 
2007. Increased consumption of fruit and vegetables 
is related to a reduced risk of coronary heart disease: 
meta-analysis of cohort studies. – Journal of Human 
Hypertension, 21:717–728. DOI: 10.1038/sj.jhh. 
1002212  
Iglesias, I., Echeverría, G., Lopez, M.L. 2012. Fruit 
color development, anthocyanin content, standard 
quality, volatile compound emissions and consumer 
acceptability of several ‘Fuji’ apple strains. – Scientia 
Horticulturae, 137:138–147. DOI: 10.1016/j.scienta. 
2012.01.029 
Ivanova, I., Kryvonos, I., Shleina, L., Taranenko, G., 
Gerasko, T. 2019. Multicriteria optimization of 
quality indicators of sweet cherry fruits of Ukrainian 
selection during freezing and storage. Modern 
development paths of agricultural production (Ed. V. 
 The forecasting of polyphenolic substances in sweet cherry fruits under the impact of weather factors 249 
Agraarteadus | Journal of Agricultural Science  2 ● XXXII ● 2021 239–250 
Nadykto). – Springer, Cham. p. 707–717. DOI: 
10.1007/978-3-030-14918-5_69 
Ivanova, I., Serdiuk, M., Malkina, V., Bandura, I., 
Kovalenko, I., Tymoshchuk, T., Tonkha, O., Tsyz, 
O., Mushtruk, M., Omelian, A. 2021a. The study of 
soluble solids content accumulation dynamics under 
the influence of weather factors in the fruits of 
cherries. – Potravinarstvo Slovak Journal of Food 
Sciences, 15:350–359. DOI: 10.5219/1554 
Ivanova, I., Serdyuk, M., Malkina, V., Priss, T., 
Herasko, T., Тymoshchuk, Т. 2021b. Investigation 
into sugars accumulation in sweet cherry fruits under 
abiotic factors effects. – Agronomy Research, 
19(2):444–457. DOI: 10.15159/ar.21.004 
Jakobek, L., Šeruga, M., Voća, S. 2009. Flavonol and 
phenolic acid composition of sweet cherries (cv. 
Lapins) produced on six different vegetative 
rootstocks. – Scientia Horticulturae, 123(1):23–28. 
DOI: 10.1016/j.scienta.2009.07.012 
James, G., Witten, D., Hastie, T., Tibshhirani, R. 2013. 
An Introduction to Statistical Learning with 
Application in R. – New York: Springer, 426 p. 
Karaaslan, M., Yılmaz, F.M., Karaaslan, A., Vardin, H. 
2016. Synthesis and accumulation of anthocyanins in 
sour cherries during ripening in accordance with 
antioxidant capacity development and chaconne 
synthase expression. – European Food Research 
Technolology, 242(2):189–198. DOI: 10. 
1007/s00217- 015-2530-y 
Kask, K., Jalakas, M. 2004. Winter damages of sweet 
cherry trees at the Rõhu Experimental Station 1998–
2003. – Agraarteadus, 15(2):96–101. 
Kutner, M.H., Nachtsheim, C.J., Neter J. 2004. Applied 
learning regression. (4th ed.). – New York: McGraw-
Hill Education, 701 p. 
Lakatos, L., Dussi, M.C., Szabо, Z. 2014. The influence 
of meteorological variables on sour cherry quality 
parameters. – Acta Horticulturae, 1020:287–292. 
DOI: 10.17660/ActaHortic.2014.1020.41. 
Lakatos, L., Szab, T., Sun, Z., Soltész, M. 2010. The 
role of meteorological variables of blossoming and 
ripening within the tendency of qualitative indexes of 
sour cherry. – International Journal of Horticultural 
Science, 16(1):7–10. DOI: 10.31421/IJHS/16/1/854 
Legua, P., Domenech, A., Martínez, J.J., Sánchez-
Rodríguez, L., Hernández, F., Carbonell-Barrachina, 
A.A., Melgarejo, P. 2017. Bioactive and volatile 
compounds in sweet cherry. – Journal of Food and 
Nutrition Research, 5(11):844–851. DOI: 10.12691/ 
jfnr-5-11-8 
Li, Y., Zhang, J.J., Xu, D.P., Zhou, T., Zhou, Y., Li, S., 
Li, H.B. 2016. Bioactivities and health benefits of 
wild fruits. – International Journal of Molecular 
Sciences, 17(8):1258. DOI: 10.3390/ijms17081258 
Lobo, V., Patil, A., Phatak, A., Chandra, N. 2010. Free 
radicals, antioxidants and functional foods: Impact on 
human health. – Pharmacognosy Reviews, 4:118–
126. DOI: 10.4103/0973-7847.70902 
Lovato, P.E., Hammat, N., Gianinazzi-Pearson, V., 
Gianinazzi, S. 1994. Mycorrhization of micropro-
pagated mature wild cherry (Prunus avium L.) and 
common ash (Fraxinus excelsior L.). – Agricultural 
and Food Science, 3(3):297–302. DOI: 
10.23986/afsci.72708 
Nowak, D., Gośliński, M., Wojtowicz, E., Przygoński, 
K. 2018. Antioxidant properties and phenolic 
compounds of vitamin C-rich juices. – Journal of 
Food Science, 83(8):2237–2246. DOI: 10.1111/ 
1750-3841.14284 
Pissarda, A., Lateura, M., Baetenb, V., Mageinc, H., 
Duponta, P., Tabartd, J., Pincemaile J., Keversd, C. 
2016. Determination of total phenolic compound 
content and antioxidant activity in cherry species and 
cultivars. – Journal of Berry Research, 6:81–91. DOI: 
10.3233/JBR-150109 
Ponce, C., Kuhn, N., Arellano, M., Time, A., Multari, 
S., Martens, S., Carrera, E., Sagredo, B., Donoso, 
J.M., Meisel, L.A. 2021. Differential phenolic 
compounds and hormone accumulation patterns 
between early- and mid-maturing sweet cherry 
(Prunus avium L.) cultivars during fruit development 
and ripening. – Journal Agricultural Food Chemistry, 
69(31):8850–8860. DOI: 10.1021/acs.jafc.1c01140 
Popescu, S., Velciov, A.B., Riviș, A., Costescu, C., 
Petolescu, C. 2014. Antioxidant activity and phenolic 
content of sweet cherries (Prunus avium L.) from 
West and South-West of Romania. – Bulletin 
UASVM Food Science and Technology, 71(2):215–
216. DOI: 10.15835/buasvmcn-fst:10762  
Prior, R.L. 2003. Fruits and vegetables in the 
prevention of cellular oxidative damage. – American 
Journal of Clinical Nutrition, 78(3):570–578. DOI: 
10.1093/ajcn/78.3.570S 
Revell, J. 2009. Sensory profile & consumer 
acceptability of sweet cherries. – MRes thesis, 
University of Nottingham. 2009. P. 130. 
Serdyuk, M.Ye., Ivanova, I.Ye., Malkina, V.M., 
Kryvonos, I.A., Tymoshchuk, T.M., Yevstafiieva, 
K.S. 2020a. The formation of dry soluble substances 
in sweet cherry fruits under the influence of abiotic 
factors. – Scientific Horizons, 3(88):127–135. (In 
Ukrainian). 
Serdyuk, M.E., Priss, O.P., Haprindashvili, N.A., 
Ivanova, I.Ye. 2020b. Research methods of fruit, 
vegetable and berry products. (Ch. 1). – Melitopol: 
Liuks, 370 p. (In Ukraine). 
Serrano, M., Guillén, F., Martínez-Romero, D., Castillo, 
S., Valero, D. 2005. Chemical constituents and 
antioxidant activity of sweet cherry at different ripening 
stages. – Journal Agricultural Food Chemistry, 
53(7):2741–2745. DOI: 10.1021/jf0479160  
Serrano, M., Díaz-Mula, H. M., Zapata, P.J., Castillo, 
S., Guillén, F., Martínez-Romero, D., Valverde, J.M., 
Valero, D. 2009. Maturity stage at harvest determines 
the fruit quality and antioxidant potential after storage 
of sweet cherry cultivars. – Journal of Agricultural 
and Food Chemistry, 57(8):3240–3246. DOI: 
10.1021/jf803949k 
250  Іryna Ivanova, Мarina Serdyuk, Vira Malkina, Tetiana Tymoshchuk, Anna Kotelnytska, Vira Moisiienko  
Agraarteadus | Journal of Agricultural Science  2 ● XXXII ● 2021 239–250 
Skrovankova, S., Sumczynski, D., Mlcek, J., Jurikova, 
T., Sochor, J. 2015. Bioactive compounds and 
antioxidant activity in different types of berries. – 
International Journal of Molecular Sciences, 
16:24673–24706. DOI: 10.3390/ijms161024673 
Smeriglio, A., Barreca, D., Bellocco, E., Trombetta, D. 
2017. Proanthocyanidins and hydrolysable tannins: 
occurrence, dietary intake and pharmacological 
effects. – British Journal of Pharmacology, 
174(11):244–1262. DOI: 10.1111/bph.13630 
Sokół-Łętowska, A., Kucharska, A.Z., Hodun, G., 
Gołba, M. 2020. Chemical composition of 21 
cultivars of sour cherry (Prunus cerasus) fruit 
cultivated in Poland. – Molecules, 25(19):4587. DOI: 
10.3390/molecules25194587 
Szajdek, A., Borowska, E.J. 2008. Bioactive 
compounds and health-promoting properties of berry 
fruits: a review. – Plant Foods and Human Nutrition, 
63:147–156. DOI: 10.1007/s11130-008-0097-5 
Usenik, V., Fabčič, J., Stampar, F. 2008. Sugars, 
organic acids, phenolic composition and antioxidant 
activity of sweet cherry (Prunus avium L.). – Food 
Chemistry, 107(1):185–192. DOI: 10.1016/j. 
foodchem.2007.08.004 
Vuletić, M.V., Dugalić, K., Mihaljević, I., Tomaš, V., 
Vuković, D., Zdunić, Z., Puškar, B., Jurković, Z. 
2017. Season, location and cultivar influence on 
bioactive compounds of sour cherry fruits. – Plant, 
Soil Environment, 63:389–395. DOI: 10.17221/ 
472/2017-PSE 
Xu, D.-P., Li, Y., Meng, X., Zhou, T., Zhou, Y., Zheng, 
J., Zhang, J.-J., Li, H.-B. 2017. Natural antioxidants 
in foods and medicinal plants: Extraction, assessment 
and resources. – International Journal of Molecular 
Sciences, 18(1):96. DOI: 10.3390/ijms18010096 
 
